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Introduction
Air pollution has been aggravated due to the rapid growth of cities, increasing traffic, industrialization and higher levels of energy consumption. Currently, all over the world, air pollution is widespread in urban areas where vehicles are the major contributors and in some other areas with high concentration of industries and thermal power plants.
Vehicular emissions are of particular concern since these are ground level sources and thus have the maximum impact on the general population.
Motor vehicles produce harmful air emissions which have various adverse effects not only on human beings but also on the entire environment.
Therefore it is very essential to make the common people aware of the present status of pollution along with its key causes so as to prevent it from creating dreadful conditions. Various government and non-government organizations have already taken initiative in this regard. From the literature, it can be seen that the whole range of pollution has been divided into some categories which can also be considered as clusters, for example from 'Good' to 'Hazardous' and the level of pollution of a particular region or city is bound to belong to exactly one of the predefined clusters.
*
The work included in this chapter has been published as an articleDas, S. and H. K. Baruah (2013a) , Application of Fuzzy C-Means Clustering Technique in Vehicular Pollution, Journal of Process vol. 1, no. 3, [96] [97] [98] [99] [100] [101] [102] [103] [104] [105] [106] [107] In the work included in this chapter, the present researcher will try to see the level of pollution of a particular city due to vehicular emissions. As vehicular emissions contribute different pollutants to the environment, due to the existence of different pollutants it will not be appropriate to see the belongingness of the level of pollution of a particular region to exactly one of the predefined clusters. Rather, it will be appropriate to see the membership values, full or partial, of the level of pollution of a particular region to one or more than one of the predefined clusters of pollution. So the application of a fuzzy technique would be convenient here. A brief discussion of Fuzzy Set Theory (FST) has been provided in section-1.4 of Chapter-I. The present researcher has also provided a new approach to FST with its application in Section-1.5 followed by common fields of Computer Science where fuzziness is applied in Section-1.6 of Chapter-I. A brief review of the application of fuzziness has been provided in Section-2.1 of Chapter-II. Baruah (2011a , 2011b has shown that the membership value of a fuzzy number can be expressed as the difference between the membership function and a reference function, and therefore the fuzzy membership function and the fuzzy membership value for the complement of a fuzzy set are not the same. Bezdek (1981) has discussed in his Fuzzy C-Means technique that the data to be analyzed must be in the form of numerical vectors called feature vectors, and the number of clusters must be predefined for obtaining the membership values of the feature vectors.
In Chapter-II the present researcher has applied Fuzzy C-Means algorithm of Bezdek (1981) with three (03) different distances namely Euclidean distance, Canberra distance and City Block distance which revealed that out of the three (03) distances, the algorithm produces the result fastest as well as the most expected when Euclidean distance is considered and the slowest as well as the least expected when Canberra distance is considered.
In the present work included in this chapter, the present researcher will try to see the membership values, full or partial, of the level of pollution due to
Chapter-III/APPLICATION OF FUZZY C-MEANS CLUSTERING TECHNIQUE IN VEHICULAR POLLUTION
_________________________________________________________________ vehicular emissions of a particular city to one or more of some predefined clusters of pollution. For this purpose, the present researcher will arbitrarily choose fifty (50) cities (see Table - 3.3) and six (06) predefined clusters of pollution (see Table - 3.2). Out of the different pollutants emitted by vehicles, the present researcher will consider Carbon Monoxide (CO 2 ), Ozone (O 3 ) and Sulfur Dioxide (SO 2 ) which have the most adverse effects on the environment (see Table - 3.1). Further, due to the existence of these three (03) pollutants in vehicular pollution, the data used to represent it are in the form of numerical vectors. In the present work included in this chapter, the present researcher will apply the Fuzzy C-Means (FCM) algorithm of Bezdek (1981) on a dataset representing vehicular pollution (see Table- 3.3) to obtain the membership values of pollution of a city to one or more of the six (06) predefined clusters.
In Section-2.3 of Chapter-II the present researcher has provided the mathematical expressions of the Fuzzy C-Means algorithm of Bezdek (1981) . The application of this algorithm on vehicular pollution has been shown in Section-3.2. In Section-3.3, the present researcher will show the findings and analysis of the present work. Section-3.4 consists of the conclusions.
Application in Vehicular Pollution
In the present work included in this chapter, the present researcher has chosen fifty (50) cities to see the level of pollution of a particular city due to vehicular emissions. Although vehicular emissions contribute different pollutants to the environment, the present researcher has considered only three (03), Carbon Monoxide (CO), Ozone (O 3 ) and Sulfur dioxide (SO 2 ), which have the most adverse effects on environment (see Table- 3.1). Due to the existence of these three (03) pollutants, unlike in the traditional techniques, it would not be appropriate to see the belongingness of the level of pollution of a particular city to exactly one of some predefined
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clusters. Rather, it would be appropriate to see the membership values, full or partial, of the level of pollution of a particular city to one or more of the predefined clusters of pollution. Therefore the application of a fuzzy technique will be more convenient here. For this purpose, the present researcher has divided the whole range of pollution into six (06) clusters namely: Good (C1), Moderate (C2), Unhealthy for Sensitive Group (C3), Unhealthy (C4), Very Unhealthy (C5) and Hazardous (C6) (see Table- and Sulfur Dioxide (SO 2 ) have been provided for evaluations needed for Bezdek's FCM algorithm which has been applied on a dataset of vehicular pollution (see Table- Table- 3.3).
As the dataset that have been analyzed satisfies the prerequisite conditions of the FCM algorithm of Bezdek (1981) i.e. it is in the form of numerical vectors and also the number of clusters has been predefined, six (06) in this case, the Fuzzy C-Means algorithm of Bezdek (1981) has been considered to be the most appropriate for application.
The present researcher has implemented the work explained in this chapter by the programming language C++. 
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Findings and Analysis
In the traditional way of designating the level of pollution of a particular region or city, it is observed that out of the different available pollutants only one whose value is the maximum is considered, based on which the intensity of pollution of that particular city is calculated and accordingly placed to belong to exactly any one of some predefined clusters. In this method the existence or availability of other pollutants is completely neglected. In the present work included in this chapter, the present researcher has observed that out of the three (03) available pollutants i.e.
CO, O 3 and SO 2 , the availability of CO is the maximum for every city (see Table- 3.3). Thus following the traditional way the present researcher has first considered the availability of CO out of the three (03) available pollutants and has got the results as given in Table- Table- 3.4 has been given in Table - 3.5. But the fact is that one cannot simply neglect the existence of the other two pollutants.
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Table3.4. Full membership values of the cities to exactly any one of the six (06) predefined clusters of pollution when the traditional way is followed.
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Table3.5. A city belonging to exactly one of the six predefined clusters.
Cluster Name City_ID
Good (C1) 1, 2, 12, 26, 27, 28, 29, 42, 43, 49 Moderate (C2) 11, 13, 14, 19, 20, 21, 22, 23, 44, 45, 46, 47 Unhealthy for Sensitive Groups (C3) 3, 15, 24, 25
Unhealthy (C4) 4, 9, 16, 30, 37, 38, 39, 50 Very Unhealthy 8, 10, 17, 31, 32, 33, 34, 35, 36, 40, 41 Hazardous (C6) 6, 7, 18, 48
Therefore the present researcher has applied the Fuzzy C-means algorithm of Bezdek (1981) on the dataset (see Table- Table- 3.6. Here it is observed that each city does not belong to exactly one of the six (06) predefined clusters of pollution. Instead it is found that some cities belong to exactly one while some cities belong to more than one of the six (06) predefined clusters of pollution. Here, the membership values of the level of pollution of a city to a predefined cluster lies between 0 and 1, both 0 and 1 inclusive, unlike the traditional way where it is seen that this value is either 0 or 1. A summary of these results
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_________________________________________________________________ 71 has been shown in Table- 3.7. In Figure-3 .1, the present researcher has provided a graphical representation of this result to show the membership value of the level of pollution of a city to a cluster of pollution by symbolizing the full membership value by a diamond and partial membership value by a square. In the 3 rd Column of Table- The city_IDs and the names of the two different clusters where these belong partially have been shown in Table- 3.8. The present researcher has provided, in Table-3 .8, the possibility of shifting the level of pollution of a city to a cluster which has less average pollution out of the two (02) clusters to which that city partially belongs. A graphical representation of the same has been given in Figure-3 .2.
_________________________________________________________________ 72 Table3.6 . Membership values of the cities to one or more than one of the six (06) predefined clusters of pollution when the availability of all the pollutants are considered. Figure-3 .2, it is observed that it is possible to identify only those cities, for the purpose of improving its level of pollution, which belong partially to more than one cluster of pollution. As it is tried with the combined effect of all three (03) pollutants, therefore it has become possible to see some cities appearing partially in more than one cluster of pollution. In the traditional way it is not possible to identify such cities as each city belongs to exactly one out of the six predefined clusters.
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Conclusions
Due to an almost exponential increase in the number of vehicles, vehicular pollution in the present scenario has become a major concern as it has the maximum impact on ground level population. In the traditional way of designating the level of pollution of a region or city due to vehicular
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_________________________________________________________________ 77 emissions, out of the available pollutants only one whose availability is the maximum has been considered for calculations, based on which that particular city is placed to belong to exactly one of some predefined clusters of pollutions. In the present work included in this chapter, the present researcher has applied the Fuzzy C-Means algorithm of Bezdek (1981) on a dataset of vehicular pollution with three (03) pollutants-CO, O 3 and SO 2 . Here unlike in the traditional way, the present researcher has considered the availability of all three (03) pollutants, and have found that the level of pollutions of some cities belongs partially to more than one cluster of pollution. Due to the partial belongingness to more than one cluster of pollution, it is possible to identify those cities where there is still possibility of improving the level of pollution. Such identification is not possible when the traditional way is applied due to the lack of partial belongingness of cities to more than one cluster of pollution.
